Replacement of the terminal methyl group of methionine by an ethyl group gives the substance ethionine. Ethionine has been shown to be an antimetabolite of methionine in a number of biological systems in that inhibition by ethionine is reversed by methionine (16, 35) . The precise mode of action is not certain; it probably varies from one organism to another. Present evidence from work on animals (11, 14, 16, 26, 27, 35) indicates that ethionine exerts inhibitory effects upon 1) transmethylation, 2) conversion of methionine to cystine, 3) the lipotropic activity of methionine, 4) the incorporation of amino acids into proteins, and 5) the formation of certain adaptive enzymes. A recent report (20) attributes the inhibitory effect on transmethylation to the formation of S-adenosylethionine, which serves as an ethyl donor, with the consequent formation of various ethyl analogs of metabolites which are normally formed as a consequence of transmethylation from S-adenosylmethionine.
excised tomato root depends, is presented elsewhere (7) . The present work, which has been presented in a preliminary report (5) , is, to mv knowledge. the only record of the effects of ethionine on growth of plants, other than microorganisms. An exception is a paper by Schrank (22) who showed that the inhibition of growth of oat coleoptile cells by ethionine was reversed by methionine.
MATERIALS ANTD METHODS
The zeneral techniques are described elsewhere (2, 3) . The basal medium for all experimental media was that of White (34) except that sucrose concen-I Received revised manuscript May 27, 1959 . 2Present address: Department of Botany, McGill Universitv, Montreal, Quebec, Canada. tration was 1.5 per cent and glycine and niacin were omitted unless stated otherwise. This basal medium contained thiamin and pyridoxin and, is referred to as TPy medium. TPy medium plus niacin is referred to as TPyN medium. Within any one experiment, initial pH's of media were adjusted where necessary so that the pH of each treatment was approximately the same and within the range 4.8 to 5.0.
The clone of excised tomato roots used as source of inocula was that designated as R5 (2) . Cultures were harvested and measured on the sixth day after inoculation. Standard errors, calculated according to the method given by Snedecor (25), are included where necessary and are followed by the number of replicates in brackets. Three features of growth were recorded: 1) the final length of the main axis, 2) number of laterals (lateral number) and 3) total length of the ten basal laterals (lateral length). In addition, in some experiments, the lateral frequency was estimated. Lateral frequency is the number of laterals per mm of main axis calculated from the number of laterals divided by the length of main axis between the most basal and most apical lateral.
All substances used as additions to the basal medium (TPy medium), with the exception of niacin and ethanolamine, were purchased from Nutritional Biochemicals, Inc. The ethanolamine was purchased from Matheson Company and the niacin from Eastman Kodak. Unless stated otherwise, all substances included in any one medium were autoclaved in that medium. Pyrex sintered glass filters were used to sterilize certain solutions by filtration. New filters were autoclaved for prolonged periods in distilled water prior to acid cleaning and subsequent use. In the absence of niacin ( figure 1, top) (24 %) in the lateral length.
RESULTS
In the presence of niacin ( figure 1, bottom growth inhibition of main axis, as was the case in the absence of niacin. The probability of the difference between growth of laterals at 11.9 y/liter ethionine and growth of laterals in the controls was < 0.2 but > 0.1. The probability of the difference between growth of laterals in concentrations 5.96 and 11.9 y/liter, however, was less than 0.5, indicating that growth of laterals was inhibited at 11.9 y/liter ethionine. Methionine at appropriate concentration, completely removed the inhibition. In contrast to the effects obtained in the absence of niacin, the effects of The high activity of autoclaved homocystine, and the appearance therein of a-n unidentified, ninhvdrinsensitive decomposition product, miiay be relevant to some observations ma(le witlh microorganisms. Thus undler con(litions where cystine was required for growtlh of Lactobacillius casei, replacement of the cystine by honmocystine was much greater if the homocystine was autoclaved (21) . The nature of the active princil)le has not been determined (private correspondence). Evidel.ce has also been presented (13) for a factor (not B,. or choline) from liver which enables Tetrahv'niona gelleii to utilize homocystine.
Until recently, very little attention has been directed. towardl the use of cultures of excised roots for the study of factors controllilng the mzorphology (or similarly the anatomy) of the root. The morphology is, in its grosser aspects, (lepeni(lent upon the frequency ofl production of lateral r1oots, the growth rates of main apex and lateral roots relative to each other, and the degree of persistenice of growth of individual meristemiis. Various surgical or nutritional treatments, including treatmiient with growth regulators, have revealed the existence of hormonal, correlative mechanisms in the excise(l root (7, 31) .
First, the growtlh of lateral roots is inhibited by the main apex and younger palts of the mlain axis. Second, the growth of the maini apex becomes limited by the accumulation of anl inhibitor(s) pro(duced in the older parts of the root; certain antiauxins (7, 29) overcome the limiting effect of this endogenous inhibitor(s), which suggests that it is an auxin-type growth regulator. Third, the prodtuction of lateral roots is, presumably, under hormonal control because both 3-indolylacetonitrile (TANT) (30) and naphthaleneacetic acid (NAA) (7) increase the lateral frequency at concentrations which do not (lecrease cell length in the main axis.
Ethionine, or various ratios of methionine (or homocystine) to ethionine, markeAlyN affected the morphology of the root. The results suggest that ethionine affects the hormonal mechanisms in the root either directly or through anl effect upon the metabolism of methionine in the root. Thus certain concentrations of ethionine reduced the growth of the main apex but simultaneously increasedl the growth of lateral roots. Tn other words, ethionine reproduces the effect obtained when the main apex is excised.
This effect is also obtained with dichloroanisole (7), 2-diethylaminoethanol (6) (10) . Growth of the intact root on decotylised pea seedlings was less than that of the excised root. In the presence of adenine, however, growth of the seedling roots equaled that of the excised roots. The simplest interpretation of this is that adenine, which would otherwise be lost to the shoot, accumulated in the excised root and ceased to limit growth.
SUMMfARY
Ethionine inhibited growth of excised tomato roots. The inhibition was relieved by methionine, homocysteine, homocystine, and, to a slight extent, ethanolamine. Choline and glycine-betaine were ineffective. The antagonism by homocystine was much greater when the homocystine was The results are discussed in relation to the metabolic relationships of methionine and hormonal, correlative mechanisms involved in root growth.
It is suggested that excised roots and tissues, which cannot as yet be cultured, may accumulate imietabolites to toxic levels and that culture might be achieved by supplying an appropriate antimetabolite.
